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FOREWORD 
This  f i n a l  r e p o r t  w a s  prepared by Whit taker  Corporat ion,  Research 
and Development Div i s ion ,  San Diego, C a l i f o r n i a  under Cont rac t  No. NAS- 
8-20829, Con t ro l  No, DCN-1-7-30-12665 f o r  t h e  George C. Marsha l l  Space 
F l i g h t  Center ,  Na t iona l  Aeronaut ics  and Space Adminis t ra t ion ,  H u n t s v i l l e ,  
Alabama. M r ,  J. C ,  McCaig w a s  a c t i n g  as  P r o j e c t  Engineer.  
This  r e p o r t  summarizes t h e  three-phase  development and manufacture 
of  exothermic b raz ing  packages cover ing  t h e  per iod  from 22 June 1967 t o  
3 1  December 1970. 
M r .  Frank J. F i l i p p i  of Whi t taker  w a s  Program Manager f o r  Phase I, 
a s s i s t e d  by M r .  F. A,  Barr, both r e p o r t i n g  t o  M r .  B. L e  Duf t ,  Manager, 
Engineer ing Department. M r .  S t an ley  Rodney, P h y s i c i s t ,  w a s  Program Man- 
age r  f o r  Phases 11 and I11 and d i r e c t e d  t h e  l a b o r a t o r y  e f f o r t  on t h e  
program, r e p o r t i n g  t o  D r .  B. R e  Garrett ,  Manager of Whi t taker ' s  Product 
and Process  Development Department, 
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SUMMARY 
It w a s  t h e  purpose o f  t h i s  program t o  des ign ,  op t imize  and f a b r i c a t e  
exothermic b raze  u n i t s  f o r  r e p a i r  and assembly of s t a i n l e s s  s t ee l  materials 
on space  missions.  The u n i t s  had t o  be l i gh twe igh t ,  compact, compat ible  
wi th  space  environments and e a s i l y  handled by a s t r o n a u t s  dur ing  space  
ope ra t ions .  
i nc lud ing  f a b r i c a t i o n  o f  f i n a l  f l i g h t  hardware. 
were manufactured and eva lua ted  du r ing  t h e  development phase. 
A l l  o b j e c t i v e s  of t h e  program w e r e  s u c c e s s f u l l y  completed 
Well ove r  200 t e s t  u n i t s  
F i n a l  des ign  o f  t h e  braze  packages employed w h i t t a k e r  exotherm system 
No. 34, a mixture  o f  metals and metal ox ides ,  t o  produce t h e  necessary  
650 5 30 ca lo r i e s /g ram f o r  two-way b raze  a l l o y  flow. 
p l i s h e d  us ing  a 24-vol t  b a t t e r y  and a n  i g n i t e r  c o n s i s t i n g  of  a c o i l e d  
0.008” tungs ten  w i r e  b r i d g e  embedded i n  pyro technic  116/17 T i .  
l e s s  s t e e l  t ub ing  w a s  j o ined  s u c c e s s f u l l y  wi th  t h e  j o i n t s  being e s s e n t i a l l y  
void- f ree .  
I g n i t i o n  was accom- 
3/4” s t a i n -  
A r e l i a b i l i t y  l e v e l  of  95% was d e s i r e d  i n  t h e  f i n a l  exothermic braze  
package. To accomplish t h i s  l e v e l  of performance a r i g i d  i n s p e c t i o n  and 
assembly procedure w a s  e s t a b l i s h e d .  F i n a l  manufactur ing procedures  r equ i r ed  
t h a t  t h e  b raze  u n i t s  be packaged i n  polye thylene  under n i t r o g e n  and r ad io -  
g r a p h i c a l l y  in spec ted  and approved p r i o r  t o  shipment e 
During t h e  des ign  and op t imiza t ion  s t a g e s  Marshal l  Space F l i g h t  Center  
eva lua ted  and t e s t e d  each mod i f i ca t ion .  The f i n a l  des ign  evolving from 
t h i s  development work passed performance requirements  and th i r ty - two  (32) 
f l i g h t  hardware u n i t s  were f a b r i c a t e d  f o r  eva lua t ion  under a c t u a l  space  
cond i t ions  e 
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INTRODUCTION 
A s  t h e  United S t a t e s  space  e f f o r t  develops i n t o  more complex missions 
t h e  need f o r  improved, l i gh twe igh t  j o i n i n g  methods f o r  in-space r e p a i r  
and assembly procedures becomes i n c r e a s i n g l y  important  
This  r e p o r t  summarizes a program undertaken by Whit t a k e r  Corporati-on 
t o  des ign  and f a b r i c a t e  exothermic b raze  specimens which are  capable  of 
ope ra t ing  under g r a v i t y  and zero  g r a v i t y  cond i t ions  i n  a 10-6 t o  10-8 Tor r  
vacuum and p rov id ing  f o r  two-way b r a z e  a l l o y  flow. The program cons i s t ed  
of t h r e e  phases : 
Phase I Design, op t imiza t ion  and exp lo ra to ry  eva lua t ion  
o f  exothermic b raze  specimens e 
Phase I1 Q u a l i f i c a t i o n  t e s t i n g  of exothermic u n i t s  f o r  
f l i g h t s .  
Phase I11 F l i g h t  hardware. 
Specimens were t o  be  prepared d u r i n g  Phase I and suppl ied  f o r  exper- 
imenta l  tes ts  t o  be performed a t  t h e  Marsha l l  Space F l i g h t  Center  l abora to ry .  
I n  Phase I1 des ign  of t h e  u n i t s  was t o  be  f i n a l i z e d  and a d d i t i o n a l  braze  
packages provided f o r  t e s t i n g  by MSFC. F l i g h t  hardware was t o  be prepared 
i n  Phase I11 f o r  a c t u a l  eva lua t ion  by a s t r o n a u t s  i n  o u t e r  space.  
The term exothermic b r a z i n g  r e f e r s  t o  a process  whereby t h e  h e a t  
r equ i r ed  t o  m e l t  o r  f low a b raz ing  f i l l e r  metal i s  generated by a s o l i d -  
s t a t e  chemical  r e a c t i o n  between one o r  more a c t i v e  meta ls  and r educ ib le  
metal oxides .  This  d i f f e r s  from t h e  well-known the rmi t e  welding process  
i n  t h a t  on ly  t h e  h e a t  generated by t h e  chemical  r e a c t i o n  i s  used and t h e  
bonded area i s  no t  contaminated i n  any way from t h e  by-products of  t h e  
r eac t ion .  The process ,  t h e r e f o r e ,  d i f f e r s  from o t h e r  b raz ing  methods 
only  i n  t h e  sou rce  of h e a t .  
Exothermic mixtures  can  be i g n i t e d  i n t o  a se l f -p ropaga t ing  r e a c t i o n  
by pass ing  c u r r e n t  from a low-voltage b a t t e r y  through a f i n e  tungs t en  
w i r e  h e a t i n g  t h e  w i r e  t o  t h e  i g n i t i o n  tempera ture  of t h e  surrounding 
exotherm. The rate of h e a t i n g  and t h e  t o t a l  u s a b l e  h e a t  produced p e r  
u n i t  mass o f  exothermic mater ia l  can be determined and c o n t r o l l e d  ove r  
a wide range. 
matching t h e  exothermic sou rce  t o  t h e  h e a t  s i n k  o f  t h e  o b j e c t  t o  be  hea ted .  
Cont ro l  i s  e s t a b l i s h e d  by chemical compounding and by 
M a t e r i a l s  may be  added t o  t h e  exothermic h e a t  sou rce  t o  c o n t r o l  such 
p r o p e r t i e s  as s p e c i f i c  h e a t ,  thermal  c o n d u c t i v i t y ,  e m i s s i v i t y  of t h e  mix, 
t h e  c h a r a c t e r  o f  r e a c t i o n  products ,  and t h e  thermal-pulse  shape. 
An i n t e g r a t e d  des ign  concept  was employed f o r  developing t h e  exothermic 
braze  packages r e q u i r e  f o r  Phase I, These u n i t s  were designed f o r  s p e c i f i c  
types  and s i z e s  of t ub ing  and conta ined  t h e  coupl ing,  braz ing  f i l l e r  
material, exotherm mixture ,  and paclcage i n s u l a t i o n .  F igures  1 and 14 d e p i c t  
a t y p i c a l  exothermic braz ing  paclcage developed du r ing  t h i s  phase. 
O u t e r .  She l l  
\ I g n i t e r  / I n s u l a t i o n  
yEnd 
LExotherrn '-i, ou p 1ing  
F igu re  1. Cross  Sec t ion  of Exothermic Braze Uni t  
The exothermic b raze  packages i n i t i a l l y  deve.loped i n  Phase I were 
f o r  the fo l lowing  s i z e  o f  s t a i n l e s s  s teel  tubing:  
Tube Outs ide  Approximate Tube Wall 





Design and development of  t h e  exothermic braz ing  packages were based OR 
requirements  shown i n  ske tches  SKB MR&TSK-1296, c o n c e n t r i c  braze c l ea rance  
j o i n t s ,  and SKI! MK&TSK-1297, e c c e n t r i c  b raze  c l e a r a n c e  j o i n t s .  Both ske tches  
are  reproduced h e r e  as F i g u r e  2 .  
used i n  t h i s  i n v e s t i g a t i o n  were f a b r i c a t e d  from 347 s t a i n l e s s  s t e e l ,  wh i l e  
t h e  b raze  a l l o y  s p e c i f i e d  was AWS A5.8-62 Class B Ag-8a f i l l e r  m a t e r i a l  
(71,8% s i lve r ,  28% copper ,  0,2% l i t h i u m ) ,  Approximately 130 exothermic 
braze  u n i t s  of t h e  fo l lowing  s i z e s  were t o  be prepared du r ing  Phase I: 
The tub ing  and s l e e v e  (coupl ing)  m a t e r i a l  
2 
I n t e r f e r e n c e  F i t  
/between Tube and 
aze  Clearance  
Braze Alloy Cav i ty  
Braze Al lby  Flow 
(a) Concent r ic  Braze Clearance J o i n t s  
I n t e r f e r e n c e  F i t  
-2 %.a- 
\Braze Al loy  Flow . 
(b) E c c e n t r i c  Braze Clearance J o i n t s  
F igu re  2 .  Braze Clearance  J o i n t s .  The b raze  a l l o y  w i l l  f low p e r  
ske t ches .  I n t e r f e r e n c e  f i t  of s l eeve  t o  tube w i l l  rnain-  
t a i n  tube al ignment  and b raze  c l e a r a n c e  du r ing  exothermic 
thermal  pu l se .  V a r i a t i o n s  i n  b raze  clearance w i l l  be  
explored  f o r  c h a r a c t e r i - s t i c s  and range  of b raze  a l l o y  
f low t o  determine r e l a t i v e  r e l a t i o n s h i p  bett.i<cn g r a v i t y  
and .non-gravi ty  performance (From SK ?HGFTSK-1296 and 
SK $MGGTSS-1297). Phase I. 
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50 each: 0.00635 meter (1/4 inch)  concen t r i c  
50 each: 0.01905 meter (3/4 inch)  concent r ic  
30 each: 0,01905 meter (3/4 inch) e c c e n t r i c  
These u n i t s  were t o  be evaluated by MSFC and, u t i l i z i n g  r e s u l t s  of  
t h e i r  tes ts ,  a d d i t i o n a l  t e s t  u n i t s  were t o  be designed and f ab r i ca t ed .  
F i n a l  des ign  of  t h e  exothermic braze  u n i t s  w a s  t o  be e s t ab l i shed  i n  Phase I1 
and t e s t  packages were t o  be suppl ied  t o  Marshall  Space F l i g h t  Center  f o r  
more ex tens ive  t e s t i n g  and f o r  u s e  i n  t h e  t r a i n i n g  of  a s t r o n a u t s .  I n  Phase 
111 a d d i t i o n a l  exothermic braze packages were t o  be f a b r i c a t e d ,  radiograph- 
i c a l l y  analyzed and suppl ied  t o  MSFC f o r  eva lua t ion  i n  a c t u a l  welding exper- 
iments i n  o u t e r  space.  A l l  phases of t h e  program were success fu l ly  completed. 
Design of t h e  braze  u n i t s  made i n  Phase I was based upon experimental  
tests conducted a t  MSFC and were f a b r i c a t e d  t o  meet requirements shown i n  
ske tches  SK #M&FTSK-1296 and SK #M&GTSK-1297 e Experiments were conducted 
with var ious  braze  a l l o y s  but  none were found s u p e r i o r  t o  AWS A5.8-62 
Class B Ag-8a and it w a s  used i n  a l l  of t h e  f i n a l  exothermic braze  packages. 
The tub ing  and s l e e v e  (coupling) m a t e r i a l  used i n  t h i s  i n v e s t i g a t i o n  was 
f ab r i ca t ed  from 347 s t a i n l e s s  s t e e l  as furn ished  by MSFC. Approximately 
90 u n i t s ,  .01913"meter 1 , D .  (0,754"), were made dur ing  Phase I1 and Phase I11 
with t h e  las t  75 being e s s e n t i a l l y  i d e n t i c a l .  Four of t h e  75 braze packages 
were designed with a s l i g h t l y  l a r g e r  i n s i d e  diameter ,  0,01937 meter (0,7660) 
couplings 
A t y p i c a l  347 S.S. t u b u l a r  j o i n t  made wi th  a 0.01905 meter (3/4") 
diameter  exothermic braze u n i t  u s ing  t h e  s i lver -copper - l i th ium braze  a l l o y  
is shown i n  F igure  3,  
F igure  3 ,  Typica l  347 S e s e  t u b u l a r  j o i n t  made wi th  a 
0,01905 meter (3/4") diameter  exothermic braze 
u n i t  using t h e  s i lver -copper - l i th ium braze a l l o y ,  
4 
Based upon t h e  r e s u l t s  of t hese  b raz ing  experiments,  we l l  bonded j o i n t s  
can be made wi th  t u b u l a r  s t a i n l e s s  s t e e l .  The j o i n i n g  of s t a i n l e s s  s t e e l  
.and o t h e r  metal  tub ing  i n  diameters  up t o  0.1522 meters (6  inches)  appears  
f e a s i b l e  e 
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TECHNICAL DISCUSS I O N  
To des ign  and f a b r i c a t e  exothermic tube-brazing packages f o r  space 
use  wi th  a n  o v e r a l l  performance r e l i a b i l i t y  approaching 99% r e q u i r e s  
c a r e f u l  c o n t r o l  i n  t h e  manufacture of  a l l  components and c r i t i c a l  evalua-  
t i o n  of t h e  braze  u n i t s  under space-s imulated cond i t ions .  The s u c c e s s f u l  
completion of t h i s  program was due i n  l a r g e  measure t o  t h e  r e a l i z a t i o n  
of t h e s e  development goa Is. 
Exothermic b raz ing  u n i t s  s u i t a b l e  f o r  space  demands t h a t  t h e  fol lowing 
gene ra l  requirements  be met: 
1. Opera t iona l  c a p a b i l i t y  under g r a v i t y  and ze ro  g r a v i t y  and hard 
vacuum t o  Tor r )  cond i t ions .  
2 .  Overa l l  performance r e l i a b i l i t y  of 99%, wi th  a 95% confidence 
level .  
3 .  Supply c o n t r o l l e d ,  uniform h e a t  s u f f i c i e n t  t o  braze  s t a i n l e s s  
s t e e l  tub ing  wi th  minimum vo ids .  
4 .  I g n i t i o n  o f  exothermic m a t e r i a l s  u s ing  a 24-26 v o l t  b a t t e r y  power 
source .  .. . 
5. Easy a p p l i c a t i o n  of  b raze  u n i t s  under space  cond i t ions .  
6 .  Containment of a l l  chemical by-products from exothermic r e a c t i o n .  
7 .  Non-contaminating t o  c o n t r o l l e d  space  module environment. 
The des ign  and f a b r i c a t i o n  of each component i n  the  gxothermic b raz ing  
package and t h e  assembly procedures  a r e  d i scussed  i n  t h e  fol lowing s e c t i o n s .  
Coupling D e s i s  
Considerable  s tudy  preceded t h e  des ign  of t h e  coupl ings .  Coupling 
designs were based on Type 347 CRES f i t t i n g s  i n  t h e  annealed cond i t ion .  
The s p e c i f i c a t i o n  of  t h e  annealed cond i t ion  requirement had both a mechan- 
i c a l  and m e t a l l u r g i c a l  des ign  b a s i s .  Mechanically,  annea l ing  would minimize 
braze  gap changes and gene ra l  d i s t o r t i o n  of t h e  coupl ing ,  a f a c t o r  of  
primary importance t o  t h e  Phase I des ign  and development work. Me ta l lu rg i -  
c a l l y ,  t h e  annealed s t a i n l e s s  s t e e l  would minimize o r  prevent  t h e  occurrence 
o f  i n t e r g r a n u l a r  braze  a l l o y  p e n e t r a t i o n  i n  a p rope r ly  ad jus t ed  b raz ing  
cyc le ,  Emphasis was placed on t h i s  des ign  cons ide ra t ion ,  s i n c e  a previous 
program concerning vacuum braz ing  o f  a u s t e n i t i c  s t a i n l e s s  s t e e l  tub ing  
revea led  occas iona l  c r ack ing  and brazed a l l o y  pene t r a t ion  of  t h e  brazed 
j o i n t s  
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S t r e s s  co r ros ion  c rack ing  of  t h i s  type  has  been repor ted  f o r  a u s t e n i t i c  
s t a i n l e s s  s t e e l s  i n  c o n t a c t  wi th  molten s i l v e r - b a s e  f i l l e r  a l l o y s .  These 
'stresses can  a r i s e  from: 
1. Res idua l  stress ( t h e  coupl ings and tub ing  can  be' i n  a work- 
hardened c o n d i t i o n  through a s i z i n g  ope ra t ion  such a s  
swaging) and a l s o  s t r e s s e s  induced by post- thermal  h e a t  
t rea tment  ( s o l u t i o n  hardening,  e t c . ) .  
2.  Thermal s t r e s s e s  caused by t h e  h e a t i n g  process  (exothermic 
braz ing  a p p l i e s  l o c a l i z e d  h e a t  a t  a r ap id  ra te) .  
This  high-temperature  stress-corrosion-cracking phenomenon can  be 
minimized by : 
I. Annealing t h e  components t o  be brazed.  
2 .  Using longer  and h e a v i e r  wal led coupl ings t o  cause s lower  
h e a t i n g  up of  t h e  tub ing  and thereby  produce a decreased 
thermal  g rad ien t  i n  t h e  tub ing .  
F igu res  4 and 5 show t h e  0.00635 meter  ( 1 / 4 " )  and 0.01905 meter (3 /4 ' ! )  
coupl ing  des igns  which provided f o r  t h e  va r ious  coupl ing-to- tubing c l ea rances  
d e s i r e d  under t h i s  phase. P o s i t i o n i n g  was t o  be maintained i n  p r a c t i c e  
by u s e  of l o n g i t c d i n a l  wires of c o r r e c t  s i z e  loca t ed  p e r i p h e r a l l y  approx- 
imate ly  120" a p a r t .  
Coupling w a l l  t h i cknesses  were s i z e d  t o  t h e  minimum c r o s s  s e c t i o n .  
The o u t e r  diameters  of t h e  coupl ings were he ld  cons t an t  t o  minimize exo- 
therm compacting d i e  c o s t s .  Coupling lengths  were e s t a b l i s h e d  i n  keeping 
wi th  previous b u r s t  t e s t  exper ience ,  and amount of b raz ing  a l l o y  (groove 
depth and width)  was c a l c u l a t e d .  (Calcu la t ions  r ega rd ing  t h e  des ign  of 
t h e s e  coupl ings a r e  l i s t e d  i n  Appendix A ) .  
The s t e p s  on t h e  o u t e r  d iameter  of  t he  coupl ings served two purposes:  
they  minimized stress concen t r a t ion  a t  t h e  outboard end, and t h e  outermost 
s t e p  was used f o r  p o s i t i o n i n g  t h e  package end c l o s u r e s ,  
During t h e  p repa ra t ion  of  t h e  braze  packages, subsequent ly  d i scussed ,  
t h e  tub ing  s t o p  on t h e  coupl ings was e l imina ted  by NASA i n  o r d e r  t o  f a c i l i -  
t a t e  t h e  Phase I work. Consequently,  a s l o t t e d  one-piece tube w a s  employed 
t o  s imula t e  t h e  c u t .  Therefore ,  i t  should be noted t h a t  t h e  o r i g i n a l  braze  
l eng th  s a f e t y  f a c t o r s  (shown i n  Appendix A) o f  8.75 and 7.15 € o r  t h e  0.00635 
meter  ( 1 / 4 " )  and 0.01905 meter  ( 3 / 4 " )  coupl ings were increased  t o  9.5 and 
7.6, r e s p e c t i v e l y ,  by. removal o f  t h e  c e n t e r  s t o p  making more braze a rea  
a v a i l a b l e .  
A f t e r  eva lua t ing  t h e  Phase 1 braze  packages a t  Marsha l l  Space F l i g h t  
Center i t  was apparent  t h a t  i n  o r d e r  t o  ach ieve  a h igh  l e v e l  of r e l i a b i l i t y  
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Scale :  2 : l  
Ma te r i a l :  347 s t a i n l e s s  s t e e l ,  f u l l y  annealed 
All dimensions kO.002 u n l e s s  o therwise  s t a t e d  
All ou t s ide  c o r n e r s  broken.-  A l l  i n s i d e  0.005 - 0.010 r a d i u s  
r I I I 
I 1 I 0.754 I 0.846 I 
1 2 1 0.758 I 0.846 I 
I 4 I 0.770 I 0.922 I 
I ' 5  I 0.782 1 0.922 I 
0 .750-in.  tube OD assumed 
Figure  5. 0,01905 Meter (0,750") Coupling 
Phase I 
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e l imina ted .  This was accomplished i n  Phase I1 by machining a hexagonal 
c o n f i g u r a t i o n  on each end of  t h e  s l e e v e  (F igure  6 ) .  Housing end p l a t e s  
were then  machined t o  f i t  snugly over  t h e  hexagonal s l e e v e  ends t o  prevent  
r o t a t i o n .  This  des ign ,  wh i l e  e l i m i n a t i n g  t h e  s t e p s  on t h e  o u t e r  d iameter  
of t h e  coup l ings ,  e f f e c t i v e l y  s t a b i l i z e d  t h e  e n t i r e  assembly. The f i n a l  
braze  package des ign  is  shown i n  F igu re  6 .  
Exotherm Mate r i a l  
The h e a r t  o f  t h e  exothermic b raz ing  u n i t  i s  t h e  exothermic r e a c t a n t  
mix ture .  These r e a c t a n t s  a re  blends of  va r ious  r e a c t i v e  meta ls  and reduc- 
i b l e  ox ide  powders. S e l e c t i o n  of t h e  exotherm m a t e r i a l  f o r  t h i s  program 
w a s  based on p a s t  knowledge and on informat ion  from a c l o s e l y  r e l a t e d  
program i n  which Whit taker  suppl ied  exothermic b raze  packages .$: 
Exotherm mixtures  con ta in ing  boron and vanadium pentoxide were found 
t o  be necessary  i n  o r d e r  t o  i g n i t e  and propagate  i n  a vacuum. Consider- 
a t i o n  w a s  a l s o  given t o  t h e  h e a t  r equ i r ed  by t h e  b raze  a l l o y  which w a s  
composed o f  72 weight p e r c e n t  s i l ve r  + 28 weight pe rcen t  copper and had 
a me l t ing  and flow tempera ture  of 779°C (1435OF). 
was a l s o  s e l e c t e d  on t h e  b a s i s  o f  provid ing  t h e  l a r g e s t  amount of h e a t  wi th  
t h e  l eas t  weight and volume. F u r t h e r  c o n s i d e r a t i o n  was g iven  t o  us ing  
an  exotherm which r e t a i n e d  i t s  b a s i c  compacted shape a f t e r  i g n i t i o n .  Thus, 
uniform heatirrg around t h e  e n t i r e  coupl ing  per iphery  would be r e a l i z e d  
under va r ious  a t t i t u d e s  and cond i t ions  o f  g r a v i t y .  
The exothermic m a t e r i a l  
I n  Phase I p re l imina ry  e v a l u a t i o n  of exothem' m a t e r i a l s  i n  i n i t i a l  
0.00635 meter ( 1 / 4 " )  and 0.01905 meter  (3 /4" )  packages l e d  t o  t h e  s e l e c t i o n  
of W h i t t a k e r ' s  exothermic system $136. 
fol lowing powdered raw m a t e r i a l s  : 
This  system w a s  prepared from t h e  
.f 
Vanadium pentoxide  
Ti tanium d iox ide  
Nickel ox ide  
Manganous d iox ide  
Manganous ox ide  
Aluminum metal  
Magnesium metal 
Boron metal  
I n  o r d e r  t o  ensu re  r e l i a b i l i t y  and uni formi ty  throughout t h e  program, 
a s i n g l e  master ba tch  of t h e  above system was mixed and blended, t hen  
t es t ed a ga ins  t ex i  s t i n g  w h i t  t a k e r  s p e c i  f i c a  t i o n s  e 
+:He T ,  Mischel and P ,  J. Valdex, "Tes t ing  and Evalua t ion  of Exothermal 
Braze Specimens," Cont rac t  No, NAS 8-11282, Marsha l l  Space F l i g h t  Center ,  
September 1966 
(a )  Completed Package under Nitrogen 
(b)  Exploded View - F i n a l  Design 
Figure  6 ,  F i n a l  Exothermic Braze 
Package Assembly 
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Following t h e  eva lua t ion  o f  most o f  t h e  braze packages prepared i n  
Phase I i t  w a s  found t h a t  t h e  uni formi ty  of h e a t  d i s t r i b u t i o n  and repro-  
* d u c i b i l i t y  from one u n i t  t o  ano the r  had t o  be upgraded. Marshal l  Space 
F l i g h t  Center  a l s o  found t h a t  a f t e r  s e v e r a l  months s t o r a g e  a h igh  percentage 
of t h e  b raze  u n i t s  f a i l e d  t o  f i r e ,  p o s s i b l y  due t o  a s h e l f  l i f e  l i m i t a t i o n  
with t h e  exotherm system. To c o r r e c t  t h e s e  d e f i c i e n c i e s  i t  was decided 
t o  u s e  Whi t t ake r ' s  exotherm system 834 i n  Phase I1 s i n c e  no s t o r a g e  o r  
f i r i n g  d i f f i c u l t i e s  had been d e t e c t e d  wi th  t h i s  exotherm. 
a n  i g n i t i o n  tempera ture  of 1104 -1- 10°C (2020 
of 650 30 cal/gram. No manufacturing d i f f i c u l t i e s  were encountered 
with exotherm system 1/34 and a s i n g l e  mas ter  ba tch  was used i n  making t h e  
las t  75 exothermic b raze  packages f o r  Phase I1 and Phase 111. Numerous 
t e s t s  conducted by MSFC ind ica t ed  t h a t  system 1134 performed q u i t e  s a t i s -  
f a c t o r i l y .  
t h e  f i n a l  75 0.01905 meter  (3/4") d iameter  b raze  packages. 
System 1/34 had 
5OoF) wi th  a c a l o r i c  ou tput  
A 60-gram loading  of exotherm system $134 was used i n  f a b r i c a t i n g  
Compaction o f  t h e  exothermic m a t e r i a l  f o r  u s e  i n  b raze  packages was 
accomplished by co ld  p re s s ing  a t  6.89 x lo7  N/m2 (10,000 p s i )  i n  hardened 
s t ee l  d i e s .  Exothermic r i n g s  of 0.0253 meter  (0.997") I D  x 0,04445 meter  
(1.750") OD were pressed  f o r  0.01905 meter  (3/4") packages,  and 0.01016 
meter (0.400") I D  x 0.01905 meter  (0.750") OD f o r  t h e  0,00635 meter (1/4") 
u n i t s .  The s e l e c t e d  exotherm system i n  compacted form i s  s a f e  t o  handle  . 
and s t o r e  and d i f f i c u l t  t o  i g n i t e  wi thout  a n  e l e c t r i c a l  i g n i t e r .  
Exotherm r i n g s  were pressed  t o  va r ious  th icknesses  t o  determine 
optimum amounts r equ i r ed  f o r  vo id - f r ee  braz ing  of  t h e  var ious  tube  s i z e s .  
I g n i t e r  Development 
A s  p rev ious ly  mentioned, t h e  exotherm r e a c t a n t s  had t o  be brought 
t o  a tempera ture  s u f f i c i e n t  enough f o r  t h e  r e a c t i o n  go i n i t i a t e  and proceed 
s imul taneous ly ,  
t h e  r e a c t i o n .  Th i s  permi ts  i g n i t i o n  t o  t a k e  p l a c e  from a s m a l l  ho t -wire  
b r idge  r e q u i r i n g  minimum power. 
Only a s m a l l  area r equ i r ed  h e a t i n g  i n  o rde r  t o  propagate  
To a s s u r e  r e l i a b i l i t y ,  a redundant i g n i t i o n  system (two i g n i t e r s  
i n  p a r a l l e l )  w a s  r equ i r ed  f o r  t h e  exothermic b raze  packages. The i r  p o s i t i o n  
i n  t h e  package i s  d i scussed  i n  a subsequent  s e c t i o n .  
F igu re  7 d e p i c t s  t h e  c r o s s  s e c t i o n  of t h e  i g n i t e r  designed t o  o p e r a t e  
wi th  a 24-vol t  DC power sou rceo  B a s i c a l l y ,  t h e  i g n i t e r  cons i s t ed  of a n  
8 - m i l  t ungs t en  w i r e  b r idge  embedded i n  18-gauge un - insu la t ed  copper l e a d  
wire  (Mil-W-38611'5) f o r  r e a c t i n g  t h e  i g n i t e r  exotherm. The i g n . i t e r  exo- 
therm employed has a qu ick  h e a t  p u l s e  and i s  h o t  enough t o  i n i t i a t e  r e a c t i o n  
o f  t h e  main exotherm r i n g s .  
The i g n i t e r  w a s  made up of  a t h in -wa l l  s t a i n l e s s  t ube ,  s o l i d  copper 
lead  wi re s ,  a tungs t en  b r idge  w i r e ,  a ceramic thermal  and e l ec t r i c  i n s u l a t o r ,  
and an  i g n i t e r  exotherm. 
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S t a i n l e s s  S t e e l  Tube 
7 f Exotherm 18-gauge Copper Wire 
,6----------j 
0 
eramic I n s u l a t o r s  Tungs t e n  Wire 
F igure  7.  I g n i t e r  Cross Sec t ion  
The i g x i t e r  tube  was c u t  t o  l eng th  and crimped t o  hold i t s  p o s i t i o n  
i n  t h e  housing and a l s o  t o  lock t h e  ceramic i n s u l a t o r  i n  p lace .  
The two 18-gauge copper l e a d  wires were ' cu t  t o  l eng th  and i n s e r t e d  
i n  a n  embedding t o o l  which formed t h e  copper  wire around t h e  8 - m i l  t ungs t en  
b r idge  w i r e .  The w i r e  assembly w a s  t hen  bent  t o  form a U-shaped tungs t en  
b r idge  a t  one end of t h e  para l le l  copper l e a d  wi re s ,  and, i n  t u r n ,  was 
placed on a p o s i t i o n i n g  f i x t u r e .  A f t e r  conduct ing a number of tes ts  e a r l y  
i n  Phase I1 i t  was decided t o  c o i l  t h e  tungs ten  brid.ge wire (as shown 
i n  F igu re  7 )  i n  o r d e r  t o  ach ieve  more uniform and r e l i a b l e  i g n i t i o n  of  
t h e  116/17 T i  pyro technic .  A crimped s t a i n l e s s  sleeve was placed over 
t h e  pos i t i oned  l e a d s ,  and t h e  ceramic i n s u l a t i o n  i n  pas t e  form was 
metered i n t o  t h e  s l e e v e ,  l eav ing  space  above t h e  br idge  f o r  t he  exotherm 
charge.  
After t h e  ceramic had cured,  t h e  u n i t  w a s  removed from t h e  f i x t u r e ,  
The ceramic now he ld  t h e  wires  i n  p o s i t i o n  and i s o l a t e d  them from t h e  
s t a i n l e s s  s l e e v e .  Uni t s  were t e s t e d  f o r  e l e c t r i c a l  c o n t i n u i t y  and f o r  
e l e c t r i c a l  leakage t o  t h e  meta l  t u b e  be fo re  f i l l i n g  t h e  c a v i t y  wi th  
i g n i t e r  exotherm. 
This  t y p e  of i g n i t e r  e l imina ted  any p l a s t i c  i n s u l a t i o n  and  t h e  a s so -  
c i a t e d  u n d e s i r a b l e  smoking. S ince  t h e  i g n i t e r  w a s  a s i n g l e  u n i t ,  it could 
be r e a d i l y  t e s t e d  f o r  e l e c t r i c a l  c o n t i n u i t y  before  and a f t e r  assembly 
i n t o  t h e  b raze  package wi thout  d i s t u r b i n g  t h e  w i r i n g  o r  i g n i t e r  exothemt. 
Major e f f o r t s  w i t h  t h e  i g n i t e r  u n i t  cons i s t ed  o f  ob ta in ing  a ceramic 
c a s t a b l e  o r  p o t t i n g  compound s u i t a b l e  f o r  e l e c t r i c a l l y  i n s u l a t i n g  t h e  
copper l ead  wires  from each o t h e r  and t h e  o u t e r  s h e l l .  A high  s e r v i c e  
temperature  ceramic cement, Sauere isen  No.  8 ,  was s e l e c t e d .  Other  ceramic 
c a s t a b l e s  were t r i e d  bu t  r e s u l t s  were u n s a t i s f a c t o r y ,  p r i m a r i l y  because 
t h e  d i f f e r e n c e  i n  thermal  expansion between t h e  s t a i n l e s s  tube and t h e  
ceramic caused cracks  and broke t h e  bond dur ing  c u r i n g  o f  t h e  ceramic.  
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Sauere isen  No, 8 e x h i b i t s  a room tempera ture  cheinical ace ion  c u r e  and,  
a f t e r  cu r ing ,  has e x c e l l e n t  thennal  shock r e s i s t a n c e .  No i g n i t e r  f a i l u r e s  
have been observed when t h i s  ceramic i n s u l a t i o n  has been used. 
A s a f e t y  t es t  w a s  performed on a loaded i g n i t e r  t o  determine i f  pre-  
mature i g n i t i o n  of  i t s  exotherm charge  could t a k e  p l a c e  dur ing  t h e  connect ing 
ope ra t ions  (cog., s o l d e r i n g  of  t h e  i g n i t e r  l ead  wires t o  t h e  power sou rce  
c i r c u i t )  as a r e s u l t  of thermal conduct ion through t h e  leads  i n t o ' t h e  
i g n i t e r  b r idge .  The i g n i t e r  l e a d  w i r e  had a thermocouple a t t a c h e d  t o  
it a d i s t a n c e  o f  0.00318 meter (1/8") from t h e  i g n i t e r  body end from which 
t h e  lead  wires ex i t .  A 200-watt s o l d e r i n g  gun w a s  placed a c r o s s  t h e  i g n i t e r  
l e a d  wires a t  a d i s t a n c e  of 0.00635 meter ( 1 / 4 " )  from the  i g n i t e r  body. 
Power was a p p l i e d  u n t i l  no i n c r e a s e  i n  l ead  wi re  temperature  w a s  noted.  
The maximum tempera ture  reached was 298°C (569OP); t h e  w i r e  was kep t  a t  
t h i s  temperature  f o r  2 minutes .  I g n i t i o n  o f  t h e  i g n i t e r  charge d i d  n o t  
t a k e  p l ace .  
It i s  be l i eved  t h a t  t h i s  t e s t  approximates a wors t  cond i t ion  as a p p l i e d  
t o  a normal s o l d e r i n g  ope ra t ion .  A normal s o l d e r i n g  ope ra t ion  as app l i ed  
t o  th-is case would: 
1. Take p l ace  w i t h i n  s e v e r a l  seconds.  
2 .  Occur a t  a temperature  abou t  100°F lower than  the  t e s t  
maximum. 
3 .  B e  made a t  a d i s t a n c e  from t h e  i g n i t e r  body f i v e  t o  n i n e  
t i m e s  t h a t  o f  t h e  t e s t  h e a t  sou rce  p o i n t .  
A h e a t  s i n k  could be in t e rposed  between t h e  po in t  of connect ion and 
t h e  i g n i t e r  body i f  r equ i r ed  du r ing  c i r c u i t  assembly; a l though t h i s  t e s t  
would appear  t o  i n d i c a t e  t h a t  t h i s  a c t i o n  i s  unnecessary.  
The above-descr ibed tes t  w a s  run under ambient l a b o r a t o r y  conditions' , '  
s i n c e  i t  was assumed t h a t  t h e  assembly ope ra t ion  would be undertaken 
under t h e s e  cond i t ions .  
O r i g i n a l l y  g l a s s  s l e e v i n g  i n s u l a t i o n  w a s  t o  be  used on t h e  i g n i t e r  
w i r e  and w a s  t o  b e  anchored f i r m l y  i n  t h e  Saure isen  ceramic cement, Pre-  
l imina ry  tests a t  WRD and p repa ra t ion  o f  a few i g n i t e r  t e s t  u n i t s  i nd ica t ed  
t h a t  it would be r i s k y  t o  u s e  t h i s  t y p e  i n s u l a t i o n  when t r y i n g  t o  ach ieve  
a 95% confidence level.  A f t e r  d i scuss ions  wi th  MSFC it w a s  decided t o  use  
ceramic b a l l  and socke t  t ype  i n s u l a t i o n .  These s m a l l  i n s u l a t o r s  were 
approximately 0.002794 meter  (0,110") long x 0.002794 meter  (0,11011) OD 
x 0.001422 meter  (0.056") I D ,  were s t r o n g  and r e s i s t a n t  t o  breakage and 
t h e  i g n i t e r  wi res  could be bent  i n  t i g h t  r a d i i  w i thou t  d i f f i c u l t y .  
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- Package Development 
The t e r m  package is app l i ed  t o  t h e  complete i n t e g r a l  u n i t  comprising 
t h e  tub ing  coupl ing ,  f i l l e r  a l l o y ,  h e a t  source ,  i n s u l a t i o n ,  and i g n i t e r .  
I n  o rde r  t o  achieve  a h igh  l e v e l  of r e l i a b i l i t y  i t  i s  necessary t o  ca re -  
f u l l y  check each component of  t he  package and main ta in  t i g h t  q u a l i t y  
c o n t r o l .  The Inspec t ion  Procedure followed i n  the  p r e p a r a t i o n  and assembly 
of each component i n t o  t h e  f i n a l  des ign  o f  exothermic braze  packages f o r  
t h i s  program i s  shown i n  Appendix B ,  A l l  of t h e  f i n a l  75 braze  u n i t s  were 
assembled i n  accordance wi th  t h i s  procedure.  Design d e t a i l s  and development 
of t h e  va r ious  components i s  d i scussed  below. 
From exper ience  gained through p a s t  programs concerned wi th  exothermic 
h e a t  sou rce  development f o r  b raz ing  a p p l i c a t i o n s ,  i t  has  become appa ren t  
t h a t  t h e  i n s u l a t i v e  po r t ion  is  as c r i t i c a l  as t h e  components it houses.  
The i n s u l a t i o n  must be a b l e  t o  c o n t a i n  and a r r e s t  t h e  h igh  r e a c t i o n  temper- 
a t u r e s  wi thout  producing smoke, f lames,  o r  water of  hydra t ion .  This  
requirement e l imina te s  products  t h a t  con ta in  organic  b inders  t o  make 
them formable,  machinable,  o r  p h y s i c a l l y  s t r o n g e r .  However, b i n d e r  r e i n -  
forced ceramic f i b e r  boards and even a s b e s t o s  board (Johns-Mansville 
machinable Mar in i t e  36) have been used where. some smoke is  n o t  o b j e c t i o n a b l e ,  
The most s a t i s f a c t o r y  material  i s  a ceramic f i b r o u s  m a t e r i a l ,  F i b e r f r a x ,  
manufactured by Carborundum i n  b lanket  and f e l t  form. B a s i c a l l y ,  t h e  
b l anke t  and f e l t  a r e  made from alumina s i l i c a t e  f i b e r s  c h a r a c t e r i z e d  by 
a mel t ing  po in t  of about  3300°F. Extremely low thermal  conduc t iv i ty  i s  
one of  t h e  f e a t u r e s  of  t h i s  i n s u l a t i o n ,  w i th  va lues  ranging  from less 
than  0.072 t o  0.433 joule/m s e c  K "  (1/2 t o  3 Btu lh r  f t 2  'F/ in . ) .  
t h e  exotherm r e a c t i o n  a c t u a l l y  m e l t s  t h e  F i b e r f r a x  i n s u l a t i o n  where they  
come i n  con tac t  wi th  one a n o t h e r ,  t h e  d e t e r i o r a t i o n  i s  ve ry  shal low and 
t h e  remaining i n s u l a t i o n  mass e f f e c t i v e l y  con ta ins  t h e  r e a c t i o n .  The 
f ib rous  b l anke t  and f e l t  i n s u l a t i o n  does not  produce 'any v o l a t i l e s  and 
tends t o  f i l t e r  o r  condense any gaseous r e a c t i o n  products from t h e  exotherm 
ma t e r  i a  1. 
Although 
Another material  i n v e s t i g a t e d  du r ing  t h i s  phase was vacuum-drawn 
F i b e r f r a x  board.  
and end p i eces  t o  f a c i l i t a t e  package assembly, s i n c e  fewer p a r t s  would 
have t o  be made. However, t h e  s t r e n g t h  and t e x t u r e  of t he  board (hard 
s u r f a c e s  b u t  s o f t  i n t e r i o r )  d i d  not permi t  s a t i s f a c t o r y  c u t t i n g  o f  t h i c k  
p a r t s  Therefore ,  F i b e r f r a x  b l anke t  and f e l t  were s e l e c t e d ,  
It was hoped t h a t  t h i s  material  could be c u t  i n t o  washers 
To f a c i l i t a t e  c o n s t r u c t i o n ,  t h e  i n s u l a t i o n  requi red  w a s  ob ta ined  by 
c u t t i n g  t h e  b lanket  and f e l t  material  i n t o  a d e f i n i t e  number of washers 
f o r  u s e  i n  each p o s i t i o n  o f  t h e  package. P rev ious ly ,  t h e  i n s u l a t i o n  
material had been packed around t h e  exotherm as a b a t t i n g .  
I n  Phase 1 t h e  o u t e r  housing of t h e  package w a s  f a b r i c a t e d  from aluminum 
tub ing  c u t  t o  s i z e  and crimped a t  each end t o  hold and p o s i t i o n  t h e  s t a i n l e s s  
s t e e l  end washers,  Thin s t e e l  end washers were employed as h e a t  s h i e l d s  
t o  con ta in  t h e  h e a t  loss  through t h e  porous ceramic i n s u l a t i o n .  
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I n  t h i s  case, t h e  end washers w e r e  formed t o  a l low t h e  exotherm r i n g s  
t o  be  p laced  f a r t h e r  outboard on t h e  coupl ing f o r  t h e  two-way a l l o y  flow 
and s t i l l  a l l o w  a t h i c k  enough i n s u l a t i o n  l a y e r  on t h e  ends. Th i s  a r range-  
ment i s  shown i n  F igu re  1. However, t e s t i n g  of t h e  Phase I u n i t s  showed 
t h a t  excess ive  movement of t h e  b raze  package around t h e  sleeve may have 
been t h e  cause  o f  s e v e r a l  m i s f i r i n g s ,  Fo r  t h i s  reason  i t  w a s  decided 
i n  Phase I1 t o  u s e  a formed end p l a t e  w i th  a hexagonal c e n t e r  h o l e  which 
f i t  t i g h t l y  on t h e  hexagonal ends of t h e  coupl ing.  End p l a t e s  were r i v e t e d  
t o  the  o u t e r  s t a i n l e s s  s t e e l  housing a s  shown i n  F igure  6 .  A l l  7 5  of t he  
l a s t  90 u n i t s  produced i n  Phase I1 and Phase 111 were f a b r i c a t e d  i n  t h i s  
f a sh ion  e 
A l l  development s c r e e n  t e s t i n g  of packages was performed i n  a vacuum 
chamber a t  a pres su re  of  3 X mm Hg o r  l e s s .  F igu re  8 shows a t y p i c a l  
t e s t  package whi le  F igure  9 d e p i c t s  t he  o v e r a l l  view of t he  sc reen  t e s t i n g  
arrangement.  I g n i t i o n  c u r r e n t  w a s  supp l i ed  f o r  on ly  t h e  f i r s t  few exper- 
iments by a b a t t e r y .  Th i s  w a s  rep laced  by a n  a d j u s t a b l e  DC power source ,  
shown t o  t h e  l e f t  on F igu re  8. Thermocouple wires r an  through t h e  chamber 
walls,  as w a s  t he  case f o r  i g n i t i o n  w i r i n g  through Conax connectors .  The 
chamber had two g l a s s  p o r t s  f o r  viewing t h e  experiments.  
The amount of  exotherm (weight)  requi red  f o r  each s i z e  u n i t  w a s  d e t e r -  
mined by us ing  p a s t  in format ion  t o  o b t a i n  a n  i n i t i a l  weight f i x  and then  
e m p i r i c a l l y  a d j u s t i n g  t o  o b t a i n  two-way a l l o y  flow, 
as w e l l  as those  performed on o t h e r  areas of package development used 
tub ing  0.1016 me'ier t o  0.1524 neter (4'' t o  G") long t o  s imula t e  the h e a t  
c a p a c i t y  of i n f i n i t e  o r  p r a c t i c a l  u s e  l eng th  s e c t i o n s ,  The specimens 
were al lowed t o  coo l  t o  a t  l eas t  below t h e  s u r f a c e  ox ida t ion  tempera ture  
of t h e  base  m e t a l  b e f o r e  removal from t h e  chamber, 
These experiments 
Quick  de termina t ions  wese made o f  t h e  completeness of t h e  b r a z e  by 
sawing t h e  coupl ing  lengthwise  and pee l ing  t h e  coupl ing  from t h e  tube.  
F igu re  10 i l l u s t r a t e s  a t y p i c a l  pee led  coupl ing ,  i n  t h i s  case showing 
complete b r a z i n g  and two-way a l l o y  f low f o r  a 0.01305 meter (3 /4" )  f i t t i n g o  
The i n s i d e  d iameter  of  t h e  pressed  exotherm r i n g  was h e l d  c o n s t a n t ,  
based on t h e  o u t s i d e  d iameter  measurement o f  t he  coupl ing  p l u s  a working 
c l ea rance ,  The o u t e r  d iameter  o f  t h e  exotherm r i n g  w a s  v a r i a b l e  b u t  s i n c e  
a hardened t o o l  s t e e l  d i e  w a s  r equ i r ed  f o r  any s i z e  change, e f f o r t s  were 
made t o  employ t h e  th i ckness  (he igh t )  of t h e  r i n g s  as t h e  l i m i t i n g  var i -  
a b l e ,  
loaded i n  t h e  d i e  b u t  were l i m i t e d  by t h e  l eng th  o f  t h e  coupl ing ,  
Rings were then  r e a d i l y  a d j u s t e d  by changing t h e  amount o f  m a t e r i a l  
For  i n s t a n c e  t h e  0.00635 meter (1/4") coupl ing  needed 7.5 grams ( t h r e e  
r i n g s ,  2.5 grams each) f o r  a complete braze  us ing  a r i n g  0.01016 meter  
(0,400") I D  and 0,01778 meter  (0,700") OD. I n  t h i s  case t h e  exotherm r i n g s  
covered t h e  e n t i r e  l eng th  of t h e  coupl ing  and t h e  braze was complete bu t  
marginal.  Therefore  a new d i e  w a s  ob ta ined  wi th  t h e  same i n s i d e  d iameter  
b u t  a n  o u t s i d e  d iameter  of 0,01905 meter  (0.750"). This  s i z e  change allowed 
9 grams ( t h r e e  r i n g s ,  3 grams each) t o  be pos i t i oned  over  t h e  same l eng th  
and in su red  ample h e a t ,  
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Figure  8. T e s t  Package 
F i g u r e  9 ,  T e s t  Arrangement 
f o r  Braze Packages 
17 
Figure  10. Peeled Exothermic 
Braze Specimen 
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The 0.01905 meter (3/4") u n i t  was f i r s t  t r i e d  us ing  72 grams of 
exotherm system 836 ( t h r e e  r i n g s ,  24 grams each) .  This  proved more than  
.necessa ry ,  as d id  60 grams ( t h r e e  r i n g s  , 20 grams each) .  F i f t y  grams 
t o t a l  made a s a t i s f a c t o r y  braze bu t  t he  f i n a l  u n i t s  prepared f o r  Phase I 
contained 54 grams t o t a l  ( t h r e e  r i n g s  , 18 grams each)  to  i n s u r e  ample 
h e a t .  I n  Phase I1 i t  w a s  determined t h a t  exotherm system 1/34 was more 
r e l i a b l e  and provided more uniform h e a t  d i s t r i b u t i o n .  Optimum t o t a l  
exotherm weight was found t o  be 60 grams f o r  t h i s  s i z e  braze u n i t  and 
was used i n  t h e  f a b r i c a t i o n  of a l l  remaining u n i t s .  
GFE (Government Furnished Equipment) tub ing  was suppl ied  by NASA 
t o  be inc luded  wi th  each ind iv idua l  prepared package. The tub ing  was 
suppl ied  i n  t h e  fol lowing s i z e s :  
1 /4- inch  00 Tubing, 0.020-inch w a l l  th ickness  , 4-inch l eng th  
3/4- inch OD Tubing, 0.049-inch w a l l  t h i ckness ,  4-inch l e n g t h  
I n  Phase I the  GFE 1/4- inch  coupl ings were suppl ied  only f o r  t h e  No. 1, 
3 and 4 i t e m s  l i s t e d  i n  F igure  4 .  The 3 /4- inch  coupl ings were supp l i ed  
only f o r  t h e  N o .  1, 2 ,  3 ,  and 4 i tems l i s t e d  i n  F igu re  5.  
P repa ra t ion  of  t h e  1 /4- inch  u n i t s  was evenly d i s t r i b u t e d  us ing  t h e  
' 
N o .  1, 3 ,  and 4 coupl ings .  This  a l lowed 1 /4- inch  packages t o  be submit ted 
t o  NASA f o r  t h e i r  eva lua t ion  having coupl ing- to- tubing  c learances  o f  
2 ,  6 ,  and 12 m i l s  r e s p e c t i v e l y .  
packages were prepared from the  N o .  1, 2 ,  3 ,  and 4 coupl ings which 
provided f o r  r e s p e c t i v e  coupl ing- to- tubing  c l ea rances  of 2 , 4 ,  8 ,  and 
10 m i l s .  The 3/4- inch e c c e n t r i c  u n i t s  were f a b r i c a t e d  us ing  t h e  N o .  4- 
3/4- inch coupl ing  which provided f o r  va r ious  c l ea rances  up t o  a maximum 
of  2 0  m i l s .  
I n  l i k e  manner t h e  3/4- inch concen t r i c  
Braze j o i n t  temperature  p r o f i l e s  were determined du r ing  t h e  va r ious  
experiments by monitor ing wi th  chromel-alumel thermocouples and a Varian 
G - 1 1  r eco rde r .  
of t h e  tube  as c l o s e  t o  t h e  coupl ing  as p o s s i b l e ,  about  0.001588 meter  
(1/16' ' )-  
it was decided t o  l o c a t e  t h e  thermocouple on t h e  i n s i d e  o f  t h e  tube s o  t h a t  
t h e  temperature  could be recorded i n  t h e  braze  a r e a .  The thermocouple 
was s p o t  welded about  0.001588 meter (1/16") from t h e  end of t h e  t u b e  
and t h e  tubes  were b u t t e d  i n  t h e  c e n t e r  of t h e  f i t t i n g .  
Thermocouples were a t t a c h e d  by s p o t  welding t o  t h e  o u t s i d e  
A f t e r  f i n d i n g  t h e  temperatures  i n  a no b raze  and a braze  s i t u a t i o n  
The tempera ture  of  t h e  tub ing  du r ing  t h e  s o l i d u s  t o  l i q u i d u s  t r a n s -  
formation of t h e  a l l o y  can e a s i l y  be d e t e c t e d  on t h e  r eco rde r  c h a r t .  
The r equ i r ed  h e a t  o f  f u s i o n  causes t h e  temperature  t o  level o f f ,  but when 
t h e  a l l o y  m e l t s  and c o n t a c t s  t h e  tub ing ,  d i r e c t  conduct ion can t a k e  place 
between t h e  hea ted  f i t t i n g  and t h e  tube .  This  causes  an  ab rup t  change 
i n  the  curve ( see  F igu re  11). The tempera ture  of t h e  tube  i s  between 
843°C (1550°F) and 860°C (159G'F) ( d i f f e r e n t  specimens) j u s t  before  a l l o y  
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Figure  11. 0.00635 meter  (1/4") Coupling Temperature 
P r o f i l e  (Typical)  
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During t e s t i n g  of t h e  0.00635 meter (1/4") u n i t s  and temperature of 
963OC (1765'F) brazed inboard only,  a high of  994°C (1822OF) brazed inboard 
p lus  about  50% of t h e  outboard area. Complete two-way a l l o y  flow was observed 
when the  peak tub ing  temperature measured 10IO°C (1850'F) 
I n  l i k e  manner temperature  p r o f i l e s  were determined f o r  t h e  0.01905 
meter (3/4") development packages, 
of exotherm charge showed t h a t  t h e  braze a l l o y  melted when the  temperature  
w a s  783 O C  (1442 "F) e 
a temperature of  916°C (1680OF). 
Temperature readings us ing  50 grams 
Complete braz ing  w a s  accomplished by providing f o r  
To determine i f  t h e  precaut ions taken t o  prevent s t r e s s  cor ros ion  
embrit t lement of t h e  brazed coupl ing t h e  tube  had been e f f e c t i v e ,  a metal-  
lographic  survey c o n s i s t i n g  of  a microscopic s tudy  of t h e  mic ros t ruc tu re  
i n  t h e  braze area and a microhardness survey w a s  accomplished. 
used f o r  t h i s  survey  w a s  a 0.01905 meter (3/4") brazed j o i n t  i n  which 
t h e  charge of 54 grams of  exotherm system #36 found i n  t h e  screening  
t e s t  t o  be optimum f o r  t h i s  s i z e  was used. A s e c t i o n  of  t h e  brazed j o i n t  
was removed, po l i shed  and e l e c t r o l y t i c a l l y  etched i n  a 9% o x a l i c  ac id  
s o l u t i o n  f o r  one minute a t  6 v o l t s  t o  r evea l  t h e  genera l  s t r u c t u r e .  The 
braze a l l o y  is darkened by t h i s  e t chan t ,  
The specimen 
Examination of  F igure  12 shows t h a t  no i n t e r g r a n u l a r  pene t r a t ion  
o f  t h e  base metal  ( e i t h e r  coupl ing o r  tubing)  occurred,  The presence 
of a braze  a l l o y  d i f f u s i o n  zone as depic ted  i n  the  mic ros t ruc tu re  was 
a n  i n d i c a t i o n  of good wet t ing  and measured approximately 0.0003 inch  a t  
i t s  widest  po in t  e 
Figure  12,  Photomicrograph of Braze J o i n t  
I n t  e r f  a c e (Ma gni  f i ca t ion  2 6 6X)  
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The microhardness p r o f i l e  d i sp l ayed  i n  F igu re  13 was made on t h e  
same pol i shed  s e c t i o n  desc r ibed  above, p r i o r  t o  being etched.  A L e i t z  
microhardness tes ter  was used wi th  a 300-gram load .  Readings were taken 
every 0.00254 meter (0.1") on both tube  and coupl ing  from t h e  c e n t e r  
o f  coupl ing  t o  t h a t  p o r t i o n  of tub ing  v i r t u a l l y  una f fec t ed  by t h e  braze  
cyc le .  
The only  apparent  m e t a l l u r g i c a l  e f f e c t  o f  t h e  braz ing  c y c l e  on both 
coupl ing  and tube  w a s  f u r t h e r  annea l ing  of  t h e  mater ia l .  
Evalua t ion  of  Phase I exothermic braze  u n i t s  a t  Marshal l  Space F l i g h t  
Center  revea led  a number of braze  package des ign  f a c t o r s  t h a t  had t o  
be modif ied and improved, Some of  t h e  improvements included i n  t h e  package 
produced du r ing  Phases I1 and 111 were: 
1, Braze f i l l e r  f low w a s  changed t o  provide  j o i n t s  having less 
than  10% vo id  a r e a  when t h e  s l e e v e  f i t  i s  optimum (0.004" 
c l e a r a n c e  d iameter )  e 
2. Excess f i l l e r  material  was prevented from flowing through 
t h e  j o i n t  and d e p o s i t i n g  on t h e  i n s i d e  of  t h e  tube .  
3 Reproduc ib i l i t y  and un i fo rmi ty  of h e a t  d i s t r i b u t i o n  were 
improved wi th  peak tempera ture  v a r i a t i o n s  minimized from 
one u n i t  t o  another . '  Exotherm system $134 w a s  used i n  p l a c e  
of exotherm system 836. 
5. P e r f o r a t i o n s  i n  t h e  package housing were e l imina ted .  
6.  F r i a b l e  mater ia l  o u t s i d e  t h e  exothermic b raze  package w a s  
e l imina ted .  
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7.  Ro ta t ion  o f  t h e  exothermic b raze  package on t h e  s l e e v e  
w a s  e l imina ted  by redes igning  and lock ing  t h e  end washers 
i n  p o s i t i o n  wi th  t h e  s l eeve .  
8, I g n i t e r  l e a d  wires were shown t o  be  compatible  wi th  h e a t  
s i n k i n g  provis ions  of t h e  experimental  package. 
9, More uniform i g n i t i o n  r a t e s  were achieved by us ing  a c o i l e d  
tungs t en  i g n i t e r  w i r e  i n  t h e  pyro technic .  
10, I g n i t e r s  were r e -pos i t i oned  t o  provide b e t t e r  alignment and 
were anchored f i r m l y  t o  t h e  end p l a t e  wi th  r e t a i n e r s .  
11. B a l l  and socke t  ceramic i n s u l a t o r s  were used as e x t e r n a l  
i n s u l a t i o n  on the  i g n i t e r  wires t o  r e p l a c e  less durab le  
g l a s s  s l eev ing .  
12.  Completed braze  packages were packaged i n  polyethylene 
bags under n i t r o g e n  e 
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1 2  3 4 5 6 7 8 9 10 11 12 
Coup 1 i n  g Tube -
A. 1. MV = 
2.  HV = 
3 = tIV = 165 3 .  EIV = 
6 = HV = 162 1 6. HV = 
7 = HV = 162 1 7 .  HV = 
8 = HIJ = 162, '  8. HV = 
9. HV = 
A .  
4 = ' i lV = 165 !,ROCKVELL, E'81.7-83.0 4 .  HV = 
5 = IlV = 160 I 5 .  Hv = 
10. HV =5 171 1 
11. H \ 7  = 1 7 1  i 









171  i 
B. A I R  = HV = 187 = B 90 
NOTE : 
(1) Load = 300 grams 
(2) Each Reading r e p r e s e n t s  0.1 inch  t r a v e r s e  
F igure  13. Vicker ' s  Micro-Hardness P r o f i l e  
of S t a i n l e s s  S tee l  Urazement 
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F i b e r f r a x  Blanket  Rings 
F i b e r f r a x  F e l t  Washers 
Aluminum Sleeve 
Exotherm Rings 
S t a i n l e s s  End 
Washer 
I g n i t e r  
F i b e r f r a x  F e l t  
Washer 
Metal Washer 
Braze Alloy Ring 
F igure  1.4- Phase I Exothermic Brazing Package 
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The l a s t  75 exothermic braze packages produced f o r  t h i s  program 
included a l l  of  t h e  above improvements 
Inspec t ion  Procedure and Q u a l i t y  Cont ro l :  
I n  o r d e r  t o  achieve  t h e  h i g h e s t  l e v e l  of  r e l i a b i l i t y  t h e  f a b r i c a t i o n  
of a l l  exothermic b raze  packages w a s  c a r e f u l l y  monitored. An i n s p e c t i o n  
and assembly procedure w a s  e s t a b l i s h e d  t h a t  r equ i r ed  f requent  t e s t i n g  
o r  monitor ing a t  s e v e r a l  s t a g e s  of f a b r i c a t i o n .  Exothermic Braze Package 
Inspec t ion  Procedure i s  appended as Appendix B ,  Included i n  t h i s  procedure 
a re  : 
1. 
2. 
3 .  
4. 
5. 
6 .  
7. 
8.  
A breakdown of components comprising a braze  package. 
I g n i t i o n  b r idge  assembly. 
I g n i t e r  assembly. 
Braze package assembly. 
Materials handl ing  and process  flow. 
De ta i l ed  assembly and t e s t i n g  i n s t r u c t i o n s .  
Procedure f o r  c a l o r i m e t r i c  de te rmina t ion  of t o t a l  h e a t  
con ten t  o f  exothermic systems.  
Radiographic i n s p e c t i o n  f i lm.  
To assist  i n  t h e  des ign  and eva lua t ion  of t h e  exothermic b raze  packages 
many of t h e  u n i t s  were r a d i o g r a p h i c a l l y  in spec t ion .  
r e s u l t i n g  f i lms  made it p o s s i b l e  t o  determine i f  a l l  components were s t r u c -  
t u r a l l y  sound and p rope r ly  assembled. 
braze  packages f a b r i c a t e d  as f l i g h t  hardware i n  Phase I11 were r a d i o g r a p h i c a l l y  
inspec ted  as were many of  t h e  Phase I1 packages,, 
as a p a r t  of Appendix B o  
Examination of t h e  
A l l  of t h e  f i n a l  t h i r ty - two  (32) 
A e y p i c a l  f i l m  i s  included 
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CONCLUSIOXS AND RECOMMENDATIONS 
A t  t h e  completion o f  Phase I a des ign  had been s e l e c t e d  f o r  0.00635 
meter  (1/4") I D  and 0.01905 meter  (3/4") I D  exotherniic b raz ing  packages,  
A f t e r  ex tens ive  t e s t i n g  a t  Marshal l  Space F l i g h t  Center  it w a s  decided 
t o  modify t h e  des ign  i n  o r d e r  t o  i n c r e a s e  r e l a b i l i t y  t o  t h e  95% l e v e l .  
I n  Phase I f  des ign  of  t h e  u n i t s  was modified t o  inc lude :  
1. Rota t ion  of  t h e  braze  package around t h e  s l e e v e  was 
prevented e 
2. I g n i t e r  assembl ies  were anchored f i r m l y  p a r a l l e l  t o  t h e  
s l e e v e  and w i t h i n  0.008128 meter (0.032") of t h e  exotherm 
material e 
3. A s t a i n l e s s  s t e e l  tube  housing r ep laced  t h e  aluminum 
housing. 
4 .  Exotherm System #34 rep laced  System #36, 
5. B a l l  and socke t  ceramic i n s u l a t o r s  were used as e x t e r n a l  
i n s u l a t i o n  on t h e  i g n i t e r  wires t o  r e p l a c e  t h e  l e s s  
du rab le  g l a s s  s l eev ing .  
With these  improvements a 95% level of r e l i a b i l i t y  appears  t o  have been 
achieved e A s t anda rd ized  manufactur ing and i n s p e c t i o n  procedure (Appendix 
B) w a s  e s t a b l i s h e d  f o r  c o n t r o l l i n g  t h e  q u a l i t y  of t h e  exothermic b raz ing  
u n i t s  
Based upon t h e  f a b r i c a t i o n  and t e s t i n g  o f  t h e  90 u n i t s  produced under 
Phase II and Phase 111 i t  can be concluded t h a t :  
1. 
2 .  
3 .  
4 *  
5, 
R e l i a b l e  exothermic braz ing  packages can  be f a b r i c a t e d  
f o r  j o i n i n g  0.01905 meter (3/4") d iameter  s t a i n l e s s  s t e e l  
tub ing  under hard  vacuum (10-8 - 10-6 Torr )  a t  g r a v i t y  and 
z e r o  g r a v i t y  cond i t ions  
A r e l i a b i l i t y  l e v e l  of 95% o r  g r e a t e r  can  be achieved i n  
manufactur ing t h e s e  u n i t s .  
Brazing u n i t s  f o r  t h e  j o i n i n g  of t u b i n g  s i z e s  o t h e r  than  
0.01905 meter (3/4") d iameter  appear  f e a s i b l e  a t  least  
up t o  0.1524 meter (6") I D .  
Whit taker  Exotherm System 834 is  more r e l i a b l e  than  System 
1/36 f o r  p rov id ing  uniform h e a t  d i s t r i b u t i o n  under vacuum 
cond i t ions  us ing  a 24-vol t  power source  t o  i g n i t e  t h e  
exo t h e  r m  e 
Two-way a l l o y  flow can b.e ob ta ined  under g r a v i t y  vacuum 
cond i t ions  
6. The hea t  pu l se  du ra t ion  of t h e  exothermic packages.can be 
a d j u s t e d  t o  prevent  o r  minimize i n t e r g r a n u l a r  pene t r a t ion  
o f  t h e  braze  a l l o y  i n t o  t h e  pa ren t  metal .  
It is  recommended t h a t  f u r t h e r  work be conducted i n  t h e  development 
and a p p l i c a t i o n  of  exothermic b raz ing  u n i t s ,  Areas t h a t  should be covered 
inc lude  : 
a ,  Determine b raz ing  package requirements f o r  s t a i n l e s s  s t e e l  
t ub ing  diameters  up t o  0,1524 meter  ( 6 " )  o r  moree 
b. Evalua te  f e a s i b i l i t y  of j o i n i n g  var ious  types of l i g h t -  
weight  meta l  s t r u c t u r e s  by exothermic b raz ing  techniques 
i n  space  environments , 
c o  I n v e s t i g a t e  use o f  exothermic u n i t s  f o r  adhesive bonding 
and j o i n i n g  of organic  m a t e r i a l s  under c o n t r o l l e d  environ-  
ments , 
d o  Examine s t a b i l i t y  of exotherm system #34 i n  t h i n  s h e e t  
form and i n v e s t i g a t e  h igh  speed manufacture of exotherm 
coupons e 
e. Study manufactur ing methods f o r  producing low c o s t  high 
performance exothermic braz ing  u n i t s  
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COUPLING DESIGN CAIXULATIONS 
DESIGN OF 1 /4 - INCII  COUPLlNG 
Material: S t a i n l e s s  s t ee l  t u b i n g  and c o u p l i n g s  of 347 s tee l  t u b e  w a l l ;  
t h i c k n e s s  0.020 i n c h .  
T e n s i l e  s t r e n g t h  of 347 (Republ ic  S t ee l  D a t a  S h e e t ) :  . 
Cold worked 100,000 p s i  t o  150,000 p s i  
Anne a l e d  75,000 p s i  t o  100,000 p s i  
U s i n g  t h e  l o w e s t  value of  a n n e a l e d  c o n d i t i o n  (as b r a z e d ) ,  i n  B a r l o w ' s  
formula 
2 ST 
(A) P = . u l  
where 
L- 
St = 75,000 p s i  
t = 0.026 i n c h  
I D  = 0.250 - 0.040 = 0.210 i n c h  
(B) Minimum b r a z e  l e n g t h  n e c e s s a r y  t o  w i t h s t a n d  t u b e  b u r s t  p r e s s u r e :  
PA 
CBMs 
x = -  14,300 X 0.035- 
0.785 X 20,000 
P = 14,300 ( B u r s t  p r e s s u r e )  x = 0.032 i n c h  
A = 0.785 ( I D ) 2  
C = 3 .1414  X OD 
BMs E 20,000 p s i  ( s h e a r  s t r e n g t h  of b r a z e  a l l o y )  
A c t u a l  c o u p l i n g  b r a z e  l e n g t h  s a f e t y  f a c t o r  = 8.75 
DESIGN OF 3/4-INCH COUPLING 
M a t e r i a l :  Tubing arid c o u p l i n g s  of 3 4 7  s t a i n l e s s  s t e e l ;  t u b e  wa l l  
t h i c k n e s s  0 .049  i n c h  
T e n s i l e  s t i -cngt t l :  anncaIccI coiidi t i o n  75,000 psi 
(A) Burst p r e s s u r e  
.LaL 
I D  P =  




. .  
St = 75,000 p s i  
t = 0.049 i n c h  
I D  = 0.652 i n c h  
(B) Braze l e n g t h  n e c e s s a r y  t o  w i t h s t a n d  b u r s t  p r e s s u r e  (USC 12 ,000)  
PA -4 1 2  000 ( 0 . 3 3 4 )  x = -  
S 
3.14 X ( 0 . 7 5 0 )  20,000 CBEl 
P = 12,000 p s i  
A = 0.735 ( I D ) 2  ID = 0.652 
C = 3.1414 X OD OD = 0.750 
0.085 i n c h  0 .401  4.92 
-- = 
BM = 20,000 p s i  (Braze a l l o y  s h e a r  s t r e n g t h ,  c o n s e r v a t i v e )  
S 
k .  
A c t u a l  c o u p l i n g  b r a z e  l e n g t h  s a f e t y  f a c t o r  L- 7.15 
APPENDIX B 
EXOTHERMIC BRAZE PACKAGE 
INSPECTION PROCEDURE 
CONTRACT NAS -8 -2082 9 
In t roduc t ion :  
This  procedure w a s  p repared  i n  compliance wi th  mod i f i ca t ion  #8 of Cont rac t  
NAS-8-20829. 
Whit taker  Corp., Research and Development Div i s ion ,  i s  a r e sea rch  and 
development company p r imar i ly  engaged i n  c o n t r a c t  r e s e a r c h  wi th  t h e  respon- 
s i b i l i t y  f o r  i n spec t ion ,  r e l i a b i l i t y  t e s t i n g  and c e r t i f i c a t i o n  of a l l  
products ,  p rocesses  and f a b r i c a t e d  hardware a s s igned  t o  t h e  i n d i v i d u a l  
s c i e n t i s t  o r  engineer .  
Whit taker  has  d e l i v e r e d  t o  NASA r e l i a b l e  exothermic b raze  packages produced 
i n  accordance with t h e  terms and requirements  of t h e  c o n t r a c t .  To accom- 
p l i s h  t h i s  r e q u i r e s  f requent  i n s p e c t i o n  and t e s t i n g  throughout t h e  e n t i r e  
c y c l e  of f a b r i c a t i o n  and assembly o f  t h e  exothermic braze  packages. 
Accordingly,  t h e  fo l lowing  i n s p e c t i o n  procedure has  been prepared t o  
c o n t r o l  t h e  q u a l i t y  of  t h e  exothermic b raze  u n i t s .  A s  changes occurred 
du r ing  t h e  l i f e  of t h e  c o n t r a c t  t h a t  had a s i g n i f i c a n t  e f f e c t  on t h e  pro- 
v i s i o n s  se t  f o r t h e r  i n  t h i s  i n s p e c t i o n  procedure,  t h e  procedure w a s  r ev i sed  
acco rd ing ly  t o  r e f l e c t  t h o s e  -. changes . e 
Components: 
1 
Breakdown of components comprising a b raze  package: 
I t e m  Drawing 
Numbe r Eescrip t i o n  ( q u a n t i t y  ) Process ing  Procedure Number 
1 Sleeve  Coupling (1) GFE - Modif ica t ion  95M10487-3 
95M10487-1 
2 Outer Housing (1) In-house F a b r i c a t i o n  95M10493 
3 Braze Al loy  Rings (2) Out-of-house Fab. 95M10494 
4 End P l a t e s  (1 + 1) 11 9 5M1048 5-3 
9 5M104 8 5 - 1 
5 Exothermic Rings (3) In-house F a b r i c a t i o n  95M10488 
6 F ibered  I n s u l a  t i o n  (N .A. ) In-house F a b r i c a t i o n  95M10288 
9 5M104 9 1 I g n i t e r  Housings (2) 11 7 
8 I g n i t e r  Ex te rna l  In-  Purchase 
s u l a t i o n  (ceramic 
b a l l  / s  ocke t ) 
95M10486 
Cozponents: (cont inued)  
It e m  Drawing 
Number Descr ip t ion  ( q u a n t i t y )  Process ing  Procedure Number 
9 I g n i t e r  Bridges (2) In-house F a b r i c a t i o n  95M10490 
10 I g n i t e r  I n s u l a t i o n  
Plugs (2) 
9 5M104 8 9 11 
11 I g n i t e r  P o t t i n g  Cement In-house P repa ra t ion  95M10486 
12 I g n i t e r  Re ta ine r s  (2) In-house F a b r i c a t i o n  95M10495 
13 I g n i t e r  Pyro technic  (NA) In-house P repa ra t ion  95M10486 
Braze Package F a b r i c a t i o n  I n s p e c t i o n  Procedure: 
The cr i ter ia  f o r  acceptance  o r  r e j e c t i o n  o f . t h e  component p a r t s  of t h e  
braze  package w i l l  be t h e i r  conformance t o  t h e  dimensions and t o l e r a n c e s  
l i s t e d  on t h e  a p p r o p r i a t e  drawing, The ins t ruments  used f o r  measurement 
w i l l  be  c a l i b r a t e d  a g a i n s t  a set  of gage blocks whose c a l i b r a t i o n  i s  
t r a c e a b l e  t o  t h e  Bureau of Standards as p e r  Whi t taker  SPI Document 861.41 
paragraph 3.3.1. 
The assembly procedure below c o n t a i n s  t h e  b e s t  p o i n t s  which we b e l i e v e  a r e  
necessary  f o r  d e l i v e r y  of h i g h l y  r e l i a b l e  braze  packages,  
t akes  p l a c e  i n  t h e  fo l lowing  t h r e e  s t e p s :  
Package assembly 
1. I g n i t i o n  br idge  assembly. 
2 e I g n i t e r  assembly. 
3 .  Braze package assembly. 
S t ep  1. I g n i t i o n  br idge  assembly. 
(1) Cut l eads  t o  l eng th .  
(2) Cut b r idge  w i r e  t o  l eng th .  
( 3 )  Crimp b r idge  w i r e  t o  l e a d s ,  
w i t h  Wheatstone Bridge,  
( I  
*(4) R e s i s t i v i t y  measurement o f  i g n i t i o n  br idge .  R e s i s t i v i t y  determined 
:?Inspect i o n  
2 
S t e p  1, I g n i t i o n  br idge  assembly. (cont inued)  
An a c c e p t a b l e  b r idge  c o n s i s t i n g  o f  two 12-inch l eng th  #18 
(0,040 i n , )  copper leads  and 0.008" tungs t en  were produced 
wi th  a r e s i s t i v i t y  reading  i n  the range o f  0.060 ohm t o  0.080 
ohm. Tungsten w i r e  must be  c o i l e d  8 t u r n s  on a n  0.020'' mandrel 
i n  o r d e r  t o  provide  c o n t a c t  t o  t h e  pyro technic  116/17 T i  and 
uniform i g n i t i o n .  
S tep  2. I g n i t e r  Assembly 
(I) I n s e r t  i g n i t i o n  br idge  i n t o  ceramic i n s u l a t o r .  
(2) 
(3)  I n j e c t  i no rgan ic  cement (Sauere isen  #8) i n t o  housing above t h e  
( 4 )  
(5) 
I n s e r t  above assembly i n t o  i g n i t e r  housing. 
ceramic i n s u l a t o r  t o  a p o i n t  below t h e  b r idge  w i r e ,  
A i r  d r y  f o r  8 hours.  
Dry i n  oven a t  230°F f o r  .6 hours .  
*(6) T e s t  r e s i s t i v i t y  of i g n i t i o n  bridge.(Same as 84,  Step 1) 
(7) 
(8) 
Rivet i g n i t e r s  t o  end p l a t e s .  
F i l l  i g n i t e r s  w i t h  pyro technic  i g n i t i o n  mixture  (system 116/17T) 
x -  
* ( 9 )  T e s t  r e s i s t i v i t y  of i g n i t i o n  br idge .  (Same as #4 ,  Step  1) 
Step  3 .  Braze Package Assembly 
(1) 
(2) I n s e r t  b raze  a l l o y  r i n g s  i n t o  coupl ing.  
(3) 
( 4 )  
(5) 
*(6) 
Rivet back end p l a t e  t o  c y l i n d r i c a l  housing.  
I n s e r t  coupl ing  i n t o  end p l a t e  oc tagonal  opening. 
I n s e r t  f i b e r f r a x  end p l a t e  i n s u l a t i o n  i n t o  package. 
S l i d e  exotherm r i n g s  over  coupl ing.  
Measure d i s t a n c e  between exotherm r i n g  shoulder  and c y l i n d r i c a l  
housing end. Measurement t o  be taken  by depth  gage i n  i n s u r e  
0.000 t o  0,030 i n  maximum c lea rance  between exotherm r i n g  and 
i g n i t e r  f ace .  
(7) I n s e r t  f i b e r f r a x  r a d i a l  i n s u l a t i o n .  
(8) P o s i t i o n  f i b e r f r a x  end i n s u l a t i o n  over  i g n i t e r s  and up a g a i n s t  
i n s i d e  f a c e  of f r o n t  end washer. 
(9) P o s i t i o n  f r o n t  end washer ove r  c y l i n d r i c a l  housing keying 
oc tagonal  opening t o  coupl ing  f l a t s .  
WInspect i o n  
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Step  3 .  Braze Package Assembly (cont inued)  
(10) 
(11) I n s e r t  i g n i t e r  wires  i n t o  ceramic plug (DWG 95M10489) approx- 
Rive t  f r o n t  end washer t o  c y l i n d r i c a l  housing. 
ima te ly  1/8" high.  
(The S t a r  Po rce l a in  Co.) 0.110" OD x 0.056" I D  x 0.110" long 
t o  i n s u l a t e  each wire .  
, k ( l 2 )  Perform r e s i s t a n c e  measurement on i g n i t e r s .  
Jc(l3) Perform s h o r t  c i r c u i t  t e s t  on i g n i t e r s .  Use of  VOM t o  i n s u r e  
t h a t  EO p a r t  of t h e  i g n i t i o n  c i r c u i t  i s  i n  e l e c t r i c a l  con tac t  
wi th  any o t h e r  p a r t  of t h e  package. 
r e s  i.s tance.  
*(14) Take X-radiograph of braze  package. The X-radiographs w i l l  be 
Add b a l l  and socket  ceramic i n s u l a t o r s  
(Same as  Z4,  S t e p  I) 
Reading should show i n f i n i t e  
made under  t h e  fo l lowing  cond i t ions  f o r  proper r e s o l u t i o n :  
Power : 90 KV @ 5 ma 
Time : 5 min. 
Foca l  Distance:  48 
Film: Type M 
The u n i t  w i l l  be accep tab le  only  i f :  
1. The i g n i t e r  u n i t s  l i e  p a r a l l e l .  t o  t h e  package a x i s .  
2 ,  The i g n i t e r  faces  l i e  w i t h i n  t h e  0.000 t o  0.030 max. c l ea rance  
3 .  The exotherm r i n g s  a r e  centered  over t he  coupl ing.  
4 .  The exotherm r ings  d i s p l a y  no c racks  o r  breaks which would cause  
a p a r t  o r  p a r t s  of t h e  r i n g  t o  assume a p o s i t i o n  making con tac t  
. f o r  e i t h e r  complete h e a t  source  i g n i t i o n  o r  thermal  t ransmiss ion  
t o  t h e  coupl ing ques t ionab le .  
range t o  t h e  exotherm r ings .  
Process  Flow: 
Me ta  1 Components 
The new m a t e r i a l s  used f o r  in-house f a b r i c a t i o n  of t h e  meta l  components of  
t h e  b raze  u n i t ,  namely I t e m s  8 2 ,  7 and 11 on t h e  components l i s t ,  a r e  l abe led  
(ma te r i a l  and c o n t r a c t  work o r d e r  number) and s t o r e d  i n  a l i m i t e d  access  
a r e a .  
where they  a r e  used t o  f a b r i c a t e  the  components according t o  t h e  appended 
manufactur ing i n s t r u c t i o n s .  
t o  t h e  exotherm process ing  l a b o r a t o r y  which a l s o  has l i m i t e d  access  f o r  
i n s p e c t i o n  as p e r  t h e  manufacturing i n s t r u c t i o n s .  
These m a t e r i a l s  a r e  t r a n s f e r r e d  d i r e c t l y  t o  t h e  machine shop f a c i l i t y  
A f t e r  f a b r i c a t i o n  t h e  m a t e r i a l s  a r e  t r a n s f e r r e d  
Those components conforming t o  manufactur ing i n s t r u c t i o n  t o l e r a n c e s  a r e  
vapor degreased and placed i n  c o n t a i n e r s  denot ing  a c c e p t a b i l i t y  f o r  braze 
packa g e a s s emb 1 y 
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Those components no t  confirming t o  manufactur ing i n s t r u c t i o n  to l e rances  
, a r e  p laced  i n  one o f  two c a t e g o r i e s  i n  proper ly  l abe led  con ta ine r s :  
1. 
2 .  
Components which may be reworked. 
Components which may n o t  be  reworked. 
Components i n  t h e  f i r s t  ca t egory  w i l l  be  sub jec t ed  t o  rework and in spec t ion  
as pe r  t h e  a p p l i c a b l e  manufactur ing i n s t r u c t i o n .  Components i n  t h e  second 
ca tegory  w i l l  be  h e l d  f o r  sc rap .  
Items l i s t e d  as 8 3  and #4 on the components l i s t  which a re  f a b r i c a t e d  o u t  
of house are s u b j e c t  t o  t h e  same inspec t ion ,  c a t e g o r i z i n g  and c l ean ing  
procedure as s p e l l e d  out  f o r  i t e m s  #2 ,  #7 and #ll above. 
Igni ter  Pyrotechnic  and Exotherm Heat Source Components: 
Materials D r a w  
The new materials compris ing t h e s e  components are  drawn from s e a l e d  con- 
t a i n e r s  i n  t h e  s t o r e s  area, weighed and packaged i n  l abe led  polye thylene  
bags b e f o r e  be ing  t r a n s f e r r e d  t o  t h e  exotherm process ing  l abora to ry .  
Solvent  t o  be used i n  t h e  wet b lending  process  i s  also drawn from t h e  
s t o r e s  area i n  t h e i r  o r i g i n a l  c o n t a i n e r s .  
Blending 
1- 
The raw materials a re  w e t  blended i n  a ceramic b a l l  m i l l  u s ing  ceramic 
(A1203) mixing media, The s i z e  of  t h e  ba t ch  r equ i r ed  determines t h e  
q u a n t i t y  of s o l v e n t  and mixing media used. A blending  t i m e  of 5 hours  
minimum i s  used f o r  bo th  components, 
After blending,  t h e  mixtures  a re  a i r  d r i e d  i n  a fume hood f o r  a minimum o f  
15 hours ,  
oven d r i e d  a t  90°C f o r  t h r e e  hours  t o  remove any r e s i d u a l  so lven t .  
The components a r e  then  p u t  through a s t a i n l e s s  s teel  s c r e e n  and 
Storage  
The d r i e d  mixtures  a r e  brazed i n  polye thylene  and p u t  up i n  cans con ta in ing  
d e s s i c a n t .  These cans are  l abe led  w i t h  (1) material  system type ,  (2) d a t e  
of  packaging, and (3) work o r d e r  number corresponding t o  t h e  c o n t r a c t  
number 
Tes t ing :  
a i t i o n  - I g n i t e r  Pyro technic  
A sample o f  t h e  i g n i t i o n  pyro technic  powder. i s  placed i n  a meta l  tube wi th  
f i b e r f r a x  i n s u l a t i o n  material used f o r  end c l o s u r e s  A thermocouple connected 
t o  a n  X-Y r eco rde r  i s  loca ted  i n  t h e  c e n t e r  of t h e  pyro technic  charge.  
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This  assembly i s  t h r u s t  i n t o  a fu rnace  o p e r a t i n g  a t  1200'F. 
which t h e  recorded temperature  r i se  s l o p e  i n c r e a s e s  a b r u p t l y  i n d i c a t e s  
i g n i t i o n  o f  t h e  pyro technic  charge.  
The p o i n t  a t  
I g n i t i o n  - Exotherm Material 
The same procedure i s  followed as expla ined  i n  t h e  preceding  paragraph 
w i t h  t h e  except ion  t h a t  t h e  fu rnace  i s  opera ted  a t  1800°F. 
Ca lo r ime t r i c  Output - Exotherm Material 
The c a l o r i m e t r i c  ou tput  of t h e  exothermic material i s  determined by fo l lowing  
t h e  procedure s p e l l e d  out  i n  a t t a c h e d  exotherm powder s p e c i f i c a t i o n  D-602. 
The cr i ter ia  f o r  acceptance  of t h e s e  materials i s  conformance t o  t h e  fo l lowing  
l i m i t s  : 
I g n i t e r  Pyro technic  E xo t h  e rm 
116/17Ti System 4/34 
I g n i  Lion Temp era t u r  e 
Ca lo r ime t r i c  Output ----..--- 650 If: 30 Cal . /g ,  
970 f 50OF 2020 -C- 50 
Acceptable  i g n i t e r  pyro technic  m a t e r i a l  i s  used i n  t h e  b raze  u n i t s  as s p e l l e d  
o u t  i n  t h e  b raze  package assembly procedure s p e l l e d  out  above, 
mater ia l  i s  d i sca rded .  Acceptable  exothermic h e a t  source  mater ia l  i s  co ld  
pressed  i n t o  a n n u l a r  r i n g s  as p e r  t h e  manufactur ing i n s t r u c t i o n s  appended. 
They are then  in spec ted  p e r  t h e  same i n s t r u c t i o n s .  Pressed r i n g s  are  




A s  completed, t h e  i n d i v i d u a l  exothermic b raze  packages weighed approx- 
ima te ly  275 grams each, 
f i g u r e  u n l e s s  excess ive  ceramic b a l l  and socke t  i n s u l a t o r s  are  used. 
A l l  u n i t s  should f a l l  w i t h i n  2 10% of this  
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INSTRUCTIONS 
Note: P r e f i x  t h e  o p e r a t i o n  No. with  F ,  M, T ,  o r  T.C. correspondi  
t h e  a p p l i c a b l e  department .  
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Proper ty  of  Tool No. MJO No. 
INSTRUCTIONS 
Note: P r e f i x  t h e . o p e r a t i o n  No. w i t h  F,  M, T ,  o r  T.C. corresponding t o  
t h e  app l i cab le  department.  
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TABLE I 
LIST OF MATERIALS FOR 
1/4-  AND 3/4-INCH BRAZE PACKAGES (Phase x) 
I 




l / 4 - inch  OD X .O. 020-inch Wall 347 S t a i n l e s s  S t e e l  
3 /4- inch  OD X 0.049-inch Wall 347 S t a i n l e s s  S t e e l  
l - l / 4 - i n c h  OD X 0,020-inch Wall 2024 T3 Aluminum 
2-3/4-inch OD X 0.028-inch Wall 6061 - 0 Aluminum 
7/32-inch OD X 0.010-inch Wall 321 Annealed S t a i n l e s s  S t e e l  
347 S t a i n l e s s  S t e e l  
Al loy  Rings  
Wire 
Exo t he r m  






AWS A5.8-62 Class B Ag-8A 
BT L i thobraze  
Handy & Harman 
Tungsten 0.008-inch Diameter Grade CS 
Genera l  E l e c t r i c  
Copper 818 S o f t  Drawn 
M i l  -W-3861/5 QQW-343 /5 
Alpha Wire CorporatioIi  
-. -
Rings - Whittaker 1/36 
Igni ters  - Whittaker #116 and #17 
F i b e r f r a x  Blanket  - 1/2-inch Thick  
LO-CON 6# Dens i ty  - Carborundum 
F i b e r f r a x  F e l t  - 1/8-inch Thick (970-18 Paper  White) 
Carb orundurn 
Ceramic ( I g n i t e r s )  Elec t ro temp Cement 
No, 8 Powder - Sauere isen  Cements Co. 
0.020-inch Type 302 Annealed S t a i n l e s s  S t e e l  
(1/4- inch s i z e )  
0.025 Type 302 Annealed S ta i .n less  S t e e l  (3/4-inch s i z e )  
S t a i n l e s s  S t e e l  o r  
Brass ( l /Z- inch  OD X 7/32-inch I D  X 0.040 i n c h )  
NARMCO RESEARCH & DEVELOPMENT 
3540 Aero Court 
San Diego 23, California 
. A Division of Telecomputing Corporation 
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PURPOSE : 
To establish a standard calorimetric test procedure for exothermic systems. 
SCOPE : 
Limited to calorimetric test procedure applicable to exothermic powders. 
specification includes procedure for calibration of calorimeter; it does not include 
calorimetric performance limit values. 
APPLICABILITY: 
Exotherm systems $1213 Reagent, $,213BJ $1126, #32, 8 3 4 .  
This 
MATERIALS, SUPPLIES, AM> EQUIPMENT 
1. 1401 Calorimeter (Parr) 
2. 1601 Thermometer (Readable to 0.05OF (Parr - calibrated) 
3. 3003 Thermometer Readi.ng Lens (Parr) 
4 .  2ACN Cup 22 ml, 95% Nickel-Fusion (Parr) 
5. AMC-Bomb AssemSly (Ref. Parr Catalogue 61-1) 
6. O.OC8-in. dia. Fuse Wire, Tungsten (G.E. 218 or equivalent) 
7. Burgess Dry Cell, 6-volt, 4F4H 
8. 
. 9 .  Coors Crucible #230-000,  C.B. 199 
10. Calorimeter Leads, or equivalent 
11. Weston D.C. Amiieter, scale 0-10 amps, D.C. 82621010 
12. 
13.  Distilled Water 2000 ml source 
2000 ml Volumetric Flask, or equivalent 
Clebar Stopwatch, Accurate to 1/5 second 
Spec. No, D-602 
8 May 1964 
Page Two 
14, Balznce, a c c u r a t e  t o  1/10 of 1 mg ( C h r i s t i a n  Becker) 
15; 20AC2 S t i r r i n g  C l ips ,  Two {Parr )  
16,  Thermometer C o r r e c t i o n  Sheet  
17, #21AC Wrench (Par r )  
18. 822AG2 Bench Socket  
19. # A l l A C  D e f l e c t o r  Tube (Par r )  
20. #A5C Can, Water { R e f ,  P a r r  Catalogue l f61-1) 
21. Standard Benzoic Acid Powder (Pa r r )  
22. Potassium P e r c h l o r a t e  (Pa r r )  
23, 
24. Standard c a l c u l a t i o n r  s h e e t  
Sodium Peroxide  w i t h  d i p p e r  provided 
STANDARD'EZATIOM OF THE CALORIMETER 
Procedure: 








8 .  




S e t  up empty c a l o r i m e t e r ,  w i th  water con ta ine r  removed, cover  i n  p l a c e  w i t h  
thermometer h s e r t e d  s o  t h a t .  t h e  j a c k e t  cokes t o  thermal equi l ibr ium.  
Attach tungs t en  i g n i t i o n  w i r e ,  c u t  t o  5-cm l eng th  k0.5 cm,to e l e c t r o d e s  on 
b m b  head, x .  
Add 0,500 g k0.5 mg of s t anda rd  benzoic  a c i d  t o  1.000 g k0.5 mg of potassium 
p e r c h l o r a t e  accelerator i n  t h e  f u s i o n  cup. 
Mix v igorous Iy  w i t h  s t i r r i n g  rod f o r  5 minutes u n t i l  benzoic  a c i d  i s  completel:  
powdered and mixed w i t h  a c c e l e r a t o r .  
Add one d i p p e r  of sodium peroxide  and s t i r  u n t i l  t h e  benzoic  ac id-potass ium 
pe rch lo ra t e  n&xture is m i f o r m l y  d i s t r i b u t e d  throughout,  
Any materia1 a d h e r i n g  t o  s t i r r i n g  rod should be brushed i n t o  t h e  cup. 
po rce l a in  c r u c i b l e .  
Add 
Close and seal  t h e  b m b .  Tighten  screwhead us ing  t h e  wrench, wh i l e  ho ld ing  
bomb i n  bench. socke t ,  
Attach #20AC s t i r r i n g  b lades  t o  b e l l  body of  bomb w i t h  b l ades  downward and 
space s o  t h a t  h o l e s  in b e l l  body are n o t  obs t ruc t ed .  
Set  d e f l e c t o r  cube i n  water c o n t a i n e r ,  add 2 l i t e r s  d i s t i l l e d  water ,  a f t e r  
a d j u s t i n g  i t s  t empera tu re  1.5"F t o  2°F below t h a t  of t h e  room. 
Read and r e c o r d  on s t a n d a r d  c a l c u l a t i o n  s h e e t  t h e  i n i t i a l  j a c k e t  temperature ,  
and t h e  tempera ture  of t h e  ca lo r ime te r  chamber empty. 
Assemble the  c a l o r i m e t e r  f o r  tes t ,  
With bomb r o t a t i n g ,  allow a per iod  of 5 minutes  f o r  t he  temperature  t o  become 
equal ized  b e f o r e  i g n i t i n g  t h e  charge ,  
Spec., No. D-602 







Record t h e  water  tempera ture ,  apply  i g n i t i o n  power f o r  6 seconds,  and t ake  
temperature  r ead ings  a t  4 minute i n t e r v a l s .  
A f t e r  reaching  maximum tempera ture ,  r eco rd  e l apsed  t i m e  f o r  t h e  per iod  of 
t o t a l  r i s e .  (p. 26 P a r r  Manual) 
Monitor t h e  t i m e  w i th  a s topwatch.  
Apply t h e  a p p r o p r i a t e  c o r r e c t i o n s  f o r  thermometer e r r o r  and r a d i a t i o n ,  and 
s u b t r a c t  c o r r e c t i o n s  f o r  a c c e l e r a t o r  (0.200°F, and hydra t ion  0.185OF), t o  
o b t a i n  n e t  c o r r e c t e d  temperature  rise. Use t h i s  t o  compute t h e  water  equiva-  
l e n t .  
Water e q u i v a l e n t  d e f i n i t i o n  - t h a t  amount of  c a l o r i e s  necessa ry  t o  r a i s e  t h e  
tempera ture  of t h e  c a l o r i m e t e r  system 1 O C .  
The c a l o r i f i c  v a l u e  i s  an  a d j u s t e d  w a t e r  e q u i v a l e n t  t o  be used when t h e  
c a l o r i m e t e r  i s  used t o  determine hydrocarbon f u e l  h e a t  v a l u e s .  The water  
e q u i v a l e n t  i s  68.5% of  t h e  c a l o r i f i c  value,  S ince  t h i s  system i s  s t anda rd ized  
a t  c a l o r i f i c  v a l u e  3050 (average of 4 runs ) ,  t h e  water  e q u i v a l e n t  i s  68.5% 












S e t  up c a l o r i m e t e r ,  with '2he water  c o n t a i n e r  removed. 
and i n s e r t  t h e  thermometer i n  t h e  empty c a l o r i m e t e r  chamber. 
S e t  t h e  cover i n  p l a c e  
At tach  t h e  tungs t en  i g n i t i o n  wire t o  t h e  bomb head. 
Tare t h e  c r u c i b l e  and weigh o u t  t h e  e x a c t  amount of exotherm t o  be t e s t e d  ' 
i n t o  i t .  
between 3 and 4 g.  
Weight i s  determined t o  k O . 1  mg.' The exotherm charge  should be 
P lace  c r u c i b l e  c o n t a i n i n g  exotherm i n t o  f u s i o n  cup #2ACN. 
Place  f u s i o n  cup i n t o  bomb assembly, assemble bomb head,  t i g h t e n  screwcap and 
a t t a c h  s t i r r i n g  c l i p s ;  be c e r t a i n  f l o a t i n g  bottom i s  i n  p l ace  and r i g h t  s i d e  
up i n  lower end of b e l l  body. 
Tighten  screwcap f i r m l y  wi th  wrench whi le  ho ld ing  bomb i n  bench socke t .  
A t t ach  s t i r r i n g  b l a d e s  t o  b e l l  body of bomb wi th  b l a d e s  downward, and space' 
so  t h a t  h o l e s  i n  b e l l  body a r e  n o t  o b s t r u c t e d .  
S e t  d e f l e c t o r  tube i n  water  c o n t a i n e r ,  add 2 l i t e r s  of d i s t i l l e d  water ,  
a f t e r  a d j u s t i n g  i t s  temperature  t o  1 . 5  g t o  2'F below t h a t  of t h e  room. 
Read and rehord on a s t anda rd  c a l c u l a t i o n  s h e e t  t h e  i n i t i a l  j a c k e t  tempera ture ,  
and t h e  temperature  of t h e  empty c a l o r i m e t e r  chamber, 
Assemble t h e  c a l o r i m e t e r  f o r  tes t .  
.-- 
Spec. N O .  11-602 










With t h e  bomb r o t a t i n g ,  a l low a per iod  of 5 minutes  f o r  t h e  temperature  t o  
become equa l i zed  be fo re  i g n i t i n g  t h e  charge.  
Record t h e  water  tempera ture ,  i g n i t e  t h e  charge and t ake  temperature  reading:  
a t  %-minute i n t e r v a l s ;  apply  i g n i t i o n  power f o r  6 seconds wi th  stopwatch. 
A f t e r  r each ing  maximum tempera ture ,  record  e l apsed  t i m e  o f  pe r iod  of t o t a l  
rise. . 
Obtain r a d i a t i o n  c o r r e c t i o n .  
Compute t h e  r e s u l t s  by conve r t ing  t h e  co r rec t ed  temperature  (OF) rise t o  
degrees  cen t ig rade ,  and mul t ip ly ing  t h i s  by 2090, t h e  water equ iva len t  of  the 
ca lo r ime te r  system. This w i l l  y i e l d  t h e  t o t a l  c a l o r i e  ou tpu t  c o n t r i b u t e d  by 
t h e  exothermic r e a c t i o n  and t h e  i g n i t i o n  energy.  
I g n i t i o n  wire c o r r e c t i o n  c a l c u l a t i o n :  
6 seconds x 6 v o l t s  x 4.5.amps = 162 wat t -seconds.  
= 39 c a l  162 watt-second ea1 860 w a t t  hour Heat output  = watt-second 
w a t t  hoz r  3600 
S u b t r a c t  i g n i t i o n  wire  c o r r e c t i o n  from t o t a l  c a l o r i e  ou tpu t .  
Divide c a l o r i e  ou tpu t  by weight  of exotherm sample i n  grams t o  o b t a i n  u n i t  
h e a t  ou tput  . . 
( T o t a l n i t i o n  c a l o r i e s )  Un i t  h e a t  ou tpu t  = 
. Sample weight ,  grams 
Record u n i t  h e a t  ou tpu t  on t h e  s tandard  c a l c u l a t i a n  s h e e t ,  and e n t e r  i n  l o g  
book. 
